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(74) [Attomey(s) Representing All Applicants] 
[Patent Attorney] 
(57) [Abstract] 

[Objective] Preventing liquid leak due to corrosion of increase 
and positive electrode ofthe internal resistance for 
overcharging as it makes long life, it prevents case swellingat 
time of overcharging. 

[Constitution] As for nonaqueous electrolyte solution secondar 
y battery, positive electrode and lithium metal , lithium alloy 
and lithium ionwhich include LiCo02 and LiMn204 etc it ha: 
with negative electrode whichincludes which of intercalation - 
releaseable carbon material, positive electrode can designates 
inside surface, as thecladding of aluminum where dissolving 
voltage is high. 

[Effect(s)] Overcharging domg, metal of positive electrode ca 
n precipitating to negative electrode surface,the internal 
resistance of battery there are not times when it increases. In 
addition, as for positive electrode can there being a satisfactory 
strength, it can prevent thecase swelling at time of 
overcharging. In addition, improving, large amount it can 
produce battery performance in theinexpensive. 



[Claim(s)] 



IS r.\ > l\itLn.iiiin). X'crsion 1.5 (There may be errors in the above translation. ISTA cannot P.2 
be hokl iuiblo ior any detriment from its use. WWW: http://www.intlscience.com Tel:800-430-5727) 



JP 93174873A Machine Translation 



t^hti:i>^m(^) t^:^L. 5tSSE/)<3. 5-4. 2V 



[»^3I2] JE«(5);i)<. L i C0O2 . fe-SOl*, L 



[Claim 1] Positive electrode (5) and lithium metal , lithium al 
oy or lithium ion it possesses with thenegative electrode (6) 
which consists of intercalation - releaseable carbon material, in 
nonaqueous electrolyte solution secondary battery where 
charging voltagebecomes 3.5 to 4.2V, 

In positive electrode can (1), inside surface is designated as alu 
minum (2), nonaqueous electrolyte solution secondary battery 
whichdesignates that aluminum - stainless steel , or cladding 
of aluminum - ironis used as feature. 

[Claim 2] Positive electrode (5), LiCo02 , or. Overcharging r 
esistance characteristic nonaqueous electrolyte solution 
secondary battery which isstated in Claim 1 which designates 
that it is a LiMn204 as feature. 
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[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention regards improve 
ment of nonaqueous electroI)^e solution secondary battery, 
especially, overcharging characteristicit is something regarding 
nonaqueous electrolyte solution secondary battery which 
improves. 

[0002] 

[Prior Art] It possesses characteristic where nonaqueous electrol 
yte solution secondary battery quite has high electromotive 
force and issuperior, this characteristic is utilized and is used for 
multi application. As for this kind batteiy, LiCo02 and 
LiMn204 etc are used by the positive electrode, lithium metal , 
lithium alloy and intercalation - releaseable carbon material etc 
are used lithium ion forthe negative electrode. This battery 
reacts below in charge-discharge. 

[0003] 

Positive electrode charge Li xMyOz a Li+ + e- + Li (x-a) 
MyOz 

Discharge Li xMyOz-ia Li+ + e- + Li (x-a)MyOz 

Negative electrode charge a Li+ + e- + Li (a + 1) Li 

Discharge a Li+ + e- + Li -i(a + 1 ) Li 
Battery charging Li xMyOz + Li (a + 1) Li + Li (x-a)MyO 

z 

Discharge Li xMyOz + Li -i(a + 1) Li + Li (x-a)MyOz 
However, M Co , is Mn or Co , Mn andthe Ni composite in 1 
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his system, nonaqueous electrolyte solution secondary battery 
which charge-discharge is done after discharging, has necessityt 
charge with voltage of 3.5 to 4.2V with this reaction scheme. 

[0004] 

[Problems to be Solved by the Invention] As for nonaqueous ele 
ctrolyte solution secondary battery which charge-discharge is 
done, when it is charged above the battery capacity over long 
period, corrosion hole opening in portion of the positive 
electrode can, is a deficiency which liquid leak is done with this 
reaction scheme, positive electrode can corroding, because 
iron component of positive electrode becoming iron ionin 
overcharging, it melts fact that hole opens. 

[0005] As for namely, conventional nonaqueous electrolyte sol 
ution secondary battery, charging reaction of below-mentioned 
positive electrode happens whilecharging. 

Li xMyOz a Li+ + e- + Li (x-a)MyOz 

[0006] Furthermore, battery voltage becoming high, when it re 
aches point wherethe overcharging it does, iron in positive 
electrode can doing below-mentionedreaction, is melted in 
electrolyte solution. 

Fe Fe2++2e- 

[0007] When this dissolution reaction continues in positive elec 
trode can, as for finally corrosionhole opening in positive 
electrode can, dissolved liquid leaks. Corrosion hole opening in 
positive electrode can, in order to prevent factthat liquid leak it 
does, primary battery which designates positive electrode can a 
thestainless steel is developed, ( Japan Unexamined Patent 
Publication Showa 50 - 110 030 disclosure ). lithium battery 
which is stated in this disclosure has used stainless steel which 
thechromium 1 1 % or higher is contained for positive 
electrode can. positive electrode can of stainless steel, when it 
compares to steel which nickel platingis done, corrosion bein^ 
able to make little, is a feature whichcan prevent liquid leak. 
But, because stainless steel it is a alloy of iron, when it 
chargeswith high voltage, iron component melting, there is a 
deficiency which cannotcancel fact that corrosion hole opens in 
positive electrode can. 

[0008] Furthermore, in order to prevent corrosion of positive 
electrode can, lithium primary batterywhich uses aluminum for 
positive electrode can is developed, ( Japan Unexamined Patent 
Publication Showa 50 - 86622 disclosure ). Because primary 
battery which is stated in this disclosure uses aluminum whereth 
dissolving voltage is high by comparison with iron for 
thepositive electrode can, when it compares to positive 
electrode can of iron or stainless steel, thereis a feature which 
can prevent corrosion in effective. 
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ize in the primary battery , it is not possible to make secondary 
battery. As for that, as for secondary battery, after discharging 
charging, it makesthe state which it can reuse, but is because 
deformation where the positive electrode can is considerable 
attendant upon shape change of electrode due to the charge- 
discharge, happens. 

[0010] Furthermore in important characteristic, it is important 
and, for secondary batteryto prevent decrease of battery 
performance for overcharging, overcharging doing, when 
battery performance decreases, it receives resttiction tothe 
number of chargings, lifetime becomes short, lithium 
secondary battery which uses iron and stainless steel for 
positive electrode can, when the overcharging it does, is a 
property where internal resistance increases considerably. 
When overcharging it does, battery voltage rising, iron 
component of positive electrode can tomeit that, because this 
precipitates to surface of negative electrode. Being absorbed by 
negative electrode of minus, it precipitates iron ion ofthe plus 
which is melted in namely, electrolyte solution, to surface, 
iron which was precipitated to negative electrode surface 
becomes inert product as the electrode agent, increases intemal 
resistance of battery. Especially, as shown in Figure!, 
nonaqueous electrolyte solution secondary battery of coin type, 
inert ironprecipitating to positive electrode opposing surface of 
negative electrode, is a deficiency which intemal 
resistanceincreases. Because as for that, in positive electrode 
opposing surface of negative electrode, positive electrode can 
is arranged. 

[00 11] As for this invention, solving this or other deficiency w 
hich conventional secondary battery has beingsomething which 
was developed in objective, as for important objectiveof this 
invention, as case swelling for overcharging can be prevented, 
increase ofthe intemal resistance for overcharging extremely 
decrease it is possible,fiirthermore and, it is to offer nonaqueous 
electrolyte solution secondary battery which can obstruct 
factthat corrosion hole opens in positive electrode in effective. 



[00 12] 



[0012] 

[Means to Solve the Problems] Overcharging resistance charact 
eristic nonaqueous electrolyte solution secondary battery of this 
invention, in order to achieve theaforementioned objective, has 
below-mentioned constitution, namely, this invention 
positive electrode and lithium metal , lithium alloy or lithium 
ion has with thenegative electrode which consists of 
intercalation - releaseable carbon material, designates inside 
surface of positive electrode canas aluminum in nonaqueous 
electtrolyte solution secondary battery where charging voltage 
becomes 3.5 to 4.2V. 
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[0013] In positive electrode can, inside surface is designated as 
aluminum, aluminum -stainless steel , or cladding of aluminum 
- iron (In battery outside surface because of rust prevention 
nickel plating it does. ) is used. 

[0014] 

[Work or Operations of the Invention] Nonaqueous electrolyte 
solution secondary battery of this invention has used cladding 
which designates inside surfaceas aluminum for positive 
electrode. As for aluminum which is provided in inner surface 
side of battery, when itcompares to iron, dissolving voltage is 
high. Because of this, in overcharging, voltage of battery 3.5 
to 4.2Vbecoming high, aluminum of positive electrode can 
melting, there are not timeswhen ionization it does. Because of 
this, through electrolyte solution, positive electrode can 
becoming aluminum ion,becoming inert product in surface of 
negative electrode, there are not times whenit precipitates. In 
addition, because while charging becoming ion, it does notmelt 
aluminum positive electrode can, there are not either times 
when corrosionhole opens. 

[0015] Furthermore, nonaqueous electrolyte solution secondary 
battery of this invention, when in positive electrode can, with 
gas pressure of inside which occurs at time of overcharging by 
using claddingwhich designates inside surface as aluminum, 
furthermore, case swelling of thepositive electrode can which 
accompanies shape change of electrode is prevented in 
theeffective, is possible. Because that, using cladding of iron 
and stainless steel whichdesignate inside surface as aluminum i 
place of in order to use single sheetof aluminum, for positive 
electrode can, makes satisfactory strength. 

[0016] Furthermore, tough nonaqueous electrolyte solution sec 
ondary battery can be produced with inexpensive by fact 
thatthe cladding of aluminum, when it compares to aluminum 
sheet, cost ischeap, uses this for positive electrode can. 
Because, thickness of aluminum part amount it is desirable in 
cladding of the aluminum, to make 10 to 20 % of thickness of 
cladding entirety, when it comparesto single sheet of aluminum 
to be considerable it can make inexpensive. 

[0017] 

[Working Example(s)] Below, Working Example of this invent 
ion based on the drawing is explained. However, as for Workin 
Example which is shown below , beingsomething which 
illustrates nonaqueous electrolyte solution secondary battery in 
order implementation to do thetechnical concept of this 
invention, battery of this invention, material of component, 
the shape , structure and arrangement is not something which 
specificis done in below-mentioned structure. As for 
nonaqueous electrolyte solution secondary battery of this 
invention, it is possible to add variousmodification, at time of 
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[0018] Furthermore, this specification, in order to be easy to un 
derstand rangeof patent claim, "Range of patent claim", and 
symbol has done number which correspondsto member which i* 
shown in Workmg Example, in member which is shownin "To 
solve problem column of means in order", member which 
simply, is shown in range of patent claim, with thosewhich 
specific are done never it is not in member of Working 
Example. 

[0019] [Working Example 1] 1 is positive electrode can which i 
s made gist of this invention in thenonaqueous electrolyte 
solution secondary battery which is shown in Figure 1 . positive 
electrode can 1 is cladding of aluminum - stainless steel. It is 
something where cladding of aluminum - stainless steel 
designates thethickness of aluminum part amount as 0.05 mm, 
designates thickness of entiretyas 0.3 nun. As for this cladding 
thickness of aluminum is 17 % of entirety. In this figure, being 
a portion which is position of inside surface of the positive 
electrode can I, portion which it shows with 2 is aluminimi of 
thecladding. 

[0020] 3 is closed airtight being a negative electrode can of stai 
nless steel, through theinsulating packing 4 of polypropylene, 
insulating doing from positive electrode can. 

[0021] 5 is positive electrode. This positive electrode as com 
mercial LiCo02 and conductor fluororesin, with weight ratio, 
mixing with ratio of respective 85:10:5 as acetylene black, and 
the adhesive makes positive electrode compound, this positive 
electrode compound with 2 ton/cm2, in diameter 15 mm 
thepress molding after doing, it is something which heat 
treatment is done with the280 °C. 
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[0022] 6 is negative electrode. This negative electrode 6 is som 
ething which drives out lithium-aluminum alloy plate, in 
diameter 1 5 nrni. negative electrode 6 pressure bonding is dom 
in negative electrode collector 7 which becomes fixed in 
theinside bottom surface of negative electrode can 3. 

[0023] 8 is separator which consists of polypropylene micropor 
ous thin fihn. electrolyte solution uses those which lithium 
hexafluorophosphate 1 mole/liter are melted for the propylene 
carbonate, battery dimension, diameter has designated 20 mm 
and thickness as thel. 6 mm. nonaqueous electrolyte solution 
secondary battery of this invention of this structure is 
designated as Al. 

[0024] [Working Example 2] Other than positive electrode can, 
thickness of entirety designates 0,3 mm and aluminum part 
amount as 0.05 mm, making cladding of aluminum - iron 
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(surface Ni plating), thenonaqueous electrolyte solution 
secondary battery A2 of this invention was produced as 
construction which is similar to the Working Example 1 . 

[0025] [Comparative Example I] Other than thing which uses s 
tainless steel can for positive electrode can, comparison battery 
Bl which is similar to Working Example 1 was produced. 

[0026] [Comparative Example 2] Other than thing which uses i 
ron (nickel plating) can for positive electrode can, comparison 
battery B2 which is similar to Working Example 1 was produce 
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[0027] Overcharging characteristic of nonaqueous electrolyte s 
olution secondary battery which it produces like above, has beei 
shown inthe Figure 2. At time of drawing up this figure, 
charging condition in constant voltage power supply of the3.8V 
connected resistance of 100 ohm to series array as current 
limitation resistance, the ambient temperature made 60 °C. In 
Figure 2, as for horizontal axis charge days, as for vertical axis 
Iheintemal resistance of battery has been shown. 

[0028] In order to be clear from this figure, nonaqueous electrol 
yte solution secondary battery Bl and B2 whichare a 
Comparative Example charge, following, although internal 
resistance increased suddenly,comparing, battery performance 
where nonaqueous electrolyte solution secondary battery Al of 
this invention, overcharging doing,the internal resistance does 
not increase A2, is superior persistent was done, comparison 
battery charge Bl, internal resistance of B2 increasing, ironof 
positive electrode can, becoming ion, melts in electrolyte 
solution, it proves thatthis makes inactive substance in surface 
of negative electrode and precipitates, nonaqueous electrolyte 
solution secondary battery A I of this invention which iron does 
not precipitate to thesurface of negative electrode, iron which 
is a positive electrode can does not melt theA2, preventing fact 
that corrosion hole opens, it canobstruct leakage of 
electrolyte solution. 

[0029] Working Example above, 1 mole/liter is melted designat 
ed lithium hexafluorophosphate as propylene carbonate 
solutionwhich in positive electrode LiCo02 , negative 
electrode lithium-aluminum alloy and electrolyte solution, but 
nonaqueous electrolyte solution secondary battery of the this 
invention is not something which limits with positive electrode 
and negative electrode andthe electrolyte solution in those of 
Working Example. Containing ones be able to use LiCo02 
and LiMn204 etc to the positive electrode , those which include 
which of intercalation - releaseable carbon material can use 
lithium metal , the lithium alloy and lithium ion to negative 
electrode . 
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battery which is shown in Figure 1 has designated the external 
shape as coin type, but this invention specific does not do in 
those whichshow external shape of nonaqueous electrolyte 
solution secondary battery in figure, it can utilize for example 
unshown,even in cylindrical pipe and square type. 

[0031] 

[Effects of the Invention] Nonaqueous electrolyte solution seco 
ndary battery of this invention has with negative electrode 
which includes positive electrode andthe hthium metal , lithiun 
alloy or lithium intercalation - releaseable carbon material 
which include LiCo02 and the LiMn204 etc being something 
which designates charging voltage as 3.5 to 4.2V,uses 
aluminum - iron , or cladding of aluminum - stainless steel to 
the positive electrode can , designates inner surface side of 
positive electrode can as aluminum, battery of this structtire, 
overcharging doing, charging voltage becoming high, 
thealuminum which contacts electrolyte solution becoming ion, 
are not times whenit melts. As for that, fact that dissolving 
voltage of aluminum is highis reason. Because of this, 
nonaqueous electrolyte solution secondary battery of this 
invention, overcharging doing, are nottimes when inert 
substance is precipitated to surface of negative electrode, the 
internal resistance increases and there is a feature which can 
prevent fact thatthe battery performance decreases in effective. 

[0032] Furthermore, because positive electrode can does not m 
elt nonaqueous electrolyte solution secondary battery of this 
invention,in electrolyte solution, be able to prevent also fact 
that corrosion holeopens in positive electrode can, be able to 
actualize also feature which cancancel leakage of electrolyte 
solution, industrial value quite is large. 

[0033] Furthermore and, nonaqueous electrolyte solution secon 
dary battery of this invention should feature as for feature 
which, overcharging doing, positive electrode can has 
satisfactory strength in addition to metal ofthe positive 
electrode can not melting in electrolyte solution, case swelling 
extremely decreaseis possible vis-a-vis blistering of gas pressure 
rise and electrode sheet of theinside in in overcharging, 
furthermore and, decreases cost increase of the process raw 
material and this or other are times when feature which is 
superior can beactualized. As for that, nonaqueous electrolyte 
solution secondary battery of this invention, positive 
electrode can, not to be somethingwhich is made single sheet of 
aluminum, in addition, being somethingwhich is made iron and 
stainless steel plate, because aluminum - iron which aluminum 
expresses in inside of battery, it designates the positive 
electrode can, as cladding of aluminum - stainless steel even 
when without. Because as for cladding which designates inside 
surface as aluminum, thealuminum contacts electrolyte solutior 
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battery voltage becoming high at time of the overcharging, 
because it does not melt and, in addition, it can designatethis 
aluminum, as thin fihn thickness which can cover iron and 
stainless steel, itdoes not substitute strength of positive 
electrode with iron and thestainless steel for most part, can 
make quite toughness. In addition, because positive electrode 
can can make thickness of aluminum for thethickness of 
entirety thin, it can designate also cost as theinexpensive. 
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[Brief Explanation of the Drawing(s)] 

[Figure 1] Shows one Working Example of this invention cross 
section of nonaqueous electrolyte solution secondary battery 
which 

[Figure 2] Battery of this invention and increase of internal resi 
stance for overcharging of the conventional nonaqueous 
electrolyte solution secondary battery are shown graph 

[Explanation of Reference Signs in Drawings] 

1... positive electrode can 3... negative electrode can 
5 . . , positive electrode 7. . . negative electrode collector 

2... aluminum 4... insulating packing 6... negative electro 
de 8... separator 
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[Figure 1] 
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